Background. QRST isointegral maps (I-maps) have been useful in detecting repolarization abnormalities. We investigated the body surface distribution of abnormally low QkST areas in patients with left ventricular hypertrophy (LVH) and the relation of the abnormalities in I-map to the severity of LVH as assessed by echocardiography.
Background. QRST isointegral maps (I-maps) have been useful in detecting repolarization abnormalities. We investigated the body surface distribution of abnormally low QkST areas in patients with left ventricular hypertrophy (LVH) and the relation of the abnormalities in I-map to the severity of LVH as assessed by echocardiography.
Methods and Results. QRST area departure maps were constructed from electrocardiographic (ECG) data recorded in patients with LVH and precordial negative T waves resulting from aortic stenosis (AS) (10 patients), aortic regurgitation (AR) (12 patients), or hypertrophic cardiomyopathy (HCM) with asymmetric septal hypertrophy (22 patients). Fifty normal subjects served as controls. The I-map was constructed from 87 body surface electrocardiograms recorded simultaneously at a sampling interval of 1 msec. The area where the QRST area was smaller than normal limits (mean-2 SD) -was designated the "-2 SD area." The echocardiographic left ventricular (LV) mass was calculated by Devereux's method. Patients with large LV masses due to AS or AR had 2 SD areas located over the left anterior chest or the midanterior chest, respectively. The 2 SD area was located over the left shoulder and left anterior chest and had a lingual shape ih patients with HCM. The sum of QRST area values less than the normal range (IQRST) was significantly correlated with LV mass in patients with AS or AR (r=0.83 and r=0.69, p<0.01 and p<0.05). However, there was no significant correlation between IQRST and the severity of LVH in patients with HCM. EQRST divided by the number of electrodes in the 2 SD area was significantly greater in patients with HCM than in those with AS or AR.
Conclusions. These findings suggest that abnormalities in patients with HCM are manifest even in mild LVH and that there is a greater disparity of repolarization in hypertrophied left ventricles due to HCM than in LVH due to aortic valve disease. QRST The purposes of the present study were to determine the body surface distribution of abnormally low QRST areas, an index of repolarization abnormalities, in patients with concentric, eccentric, or asymmetric LVH and to determine the relation of the extent of repolarization abnormalities detected by I-departure maps to the severity of LVH as assessed by echocardiography.
Methods

Study Population
From consecutive patients whose body surface maps were recorded at the Nagoya University Hospital between January 1986 and April 1990, 44 Patients who received digitalis at a dosage of more than 0.1 mg/day metildigoxin or 0.125 mg/day digoxin were excluded from the study.
Echocardiography was performed in all patients. Cardiac catheterization including coronary arteriography was done in 23 patients within 1 week of body surface electrocardiography.
Control subjects were 50 normal individuals (25 men and 25 women; mean age, 32.7 years; age range, 18-52 years) whose chest radiographs, electrocardiograms, and physical examinations were normal.
Informed consent was given by all subjects before participating in the study.
Body Surface QRST I-Maps
Recording and data analysis. Body surface electrocardiograms were recorded to construct body surface I-maps using an HPM-6500 or VMC-3000 electrocardiograph (Chunichi Denshi Company Ltd., Nagoya, Japan). Because the details of data acquisition and processing have been reported elsewhere,24 we describe them only briefly. Unipolar electrocardiograms were recorded simultaneously from 87 lead points on the chest surface (59 and 28 lead points on the anterior and posterior chest, respectively) with reference to Wilson's central terminal. Standard 12-lead electrocardiograms and the Frank X, Y, and Z lead electrocardiograms were also recorded simultaneously. These electrocardiographic data were scanned by multiplexers, digitized by analog-digital converters at a rate of 1,000 samples/sec, and stored on floppy disks. Two-point baseline adjustment was performed by choosing the flat portion of the TP segment before the P and after the T deflection of the selected PQRST complex. After baseline adjustment, a rootmean-square voltage-versus-time curve based on the X, Y, and Z leads was plotted to help identify the beginning of the QRS and the end of the T deflections, which were manually selected from this curve. The QRST deflection area was calculated by integrating each lead over the appropriate interval and was expressed in millivoltsxmsec. QRST isointegral contours were separated by 20 mV msec. The maximum and minimum were indicated by plus and minus signs, respectively. Data were sampled at the resting expiratory level with the subject in the supine position.
QRST I-departure maps. The mean and SD of the normal QRST at each lead point were calculated from data collected in 50 normal subjects. To estimate the deviation of patient data from the normal value, the departure index (D1) at each lead was calculated on the VCM-3000 as follows: DI=(X-mean)/SD, where X represents the QRST at the corresponding lead for each patient.22 Areas where the DI values were less than 2 on the departure map were designated as "-2 SD areas." The characteristics of the -2 SD area that were evaluated were n, the number of lead points in each -2 SD area; IQRST, the sum of the value obtained by subtracting the QRST value for a given patient at each point in a -2 SD area from the normal mean -2 SD QRST value, and 1QRST/n ( 
Results
Mean QRST I-Maps
Normal subjects. As shown in Figure 1A , the positive area of the mean I-map of normal subjects was located over the left chest with the maximum at the site of V4 of the standard 12-lead electrocardiogram. The negative area was over the upper chest with the minimum at the upper right anterior chest.
Aortic stenosis. The mean I-map of patients with AS ( Figure 1B ) showed a negative area over the left anterior chest with the minimum one row below the location of Vs. The maximum was located over the upper anterior chest, above and to the right of the minimum.
Aortic regurgitation. The mean I-map of patients with AR ( Figure 1C ) showed a negative area over the anterior chest, and the minimum was over the lower anterior chest. The maximum was located over the left lateral chest above and to the left of the minimum.
Hypertrophic cardiomyopathy. The mean I-map of patients with HCM ( Figure iD) showed a negative area over the mid and upper left anterior chest with the minimum at the site of V4 in the 12-lead electrocardiogram. The maximum was located over the anterior chest above and to the right of the minimum.
Electrocardiograms, I-Maps, and I-Departure Maps Aortic stenosis. Electrocardiograms of a representative patient with AS (59-year-old man) showed an increase in R voltage (as high as 5.8 mV in V4) and asymmetric T inversions with ST depression ( Figure  2A ). The echocardiographic mass of this patient was 549 g. The coronary arteriograms showed no significant coronary lesion.
In the I-map ( Figure 2B ), there was a positive area over the anterior chest with the maximum at the midsternal line. The negative area was over the left anterior chest and back with the minimum one row below V5. The locations of the negative area and of the minimum differed from the distributions in the mean I-map of normal subjects.
There was a large -2 SD area over the lower left lateral chest in the I-departure map ( Figure 2C ). A -2 SD area was present in the I-departure maps of eight of the 10 patients with AS. The two patients whose maps did not have a -2 SD area had LV masses of 244 and 336 g, respectively.
Aortic regurgitation. Electrocardiograms of a representative patient with AR (44-year-old man) showed an increase in R voltage (as high as 3.2 mV in V6), asymmetric T inversion, and ST depression ( Figure  3A) . The echocardiographic LV mass of this patient was 630 g. Coronary arteriograms showed no significant coronary lesion.
In the I-map ( Figure 3B ), there was a positive area over the left lateral chest and back with the maximum over the left lateral chest. The negative area was over the anterior chest with the minimum over the lower left anterior chest. The locations of the negative area and of the minimum differed from the distributions in the mean I-map of normal subjects. There was a large -2 SD area over the lower anterior chest in the I-departure map ( Figure 3C) mV in V4), deep negative T waves, and ST depression ( Figure 4A ). The echocardiographic LV mass of this patient was 371 g. Coronary arteriograms showed no significant coronary lesion.
In the I-map ( Figure 4B ), there was a positive area over the right anterior chest with the maximum at the midsternal line. A second maximum was located over the lower left lateral chest. The negative area was over the upper left anterior chest and back with the minimum at the site of lead V4. The locations of the negative area and of the minimum differed from the distributions in the mean I-map of normal subjects. There was a -2 SD area over the upper left lateral chest in the I-departure map ( Figure 4C As shown in Figure 6, 35 showed a significantly higher prevalence of severe LVH in patients with HCM who died suddenly, but they also demonstrated that four of 29 patients (14%) who died suddenly showed only mild LVH. We showed that SQRST and 1QRST/n are independent of the degree of hypertrophy in patients with HCM. The reasons for this are unclear. However, pathological abnormalities such as disarrangement of the myocardium and small-vessel disease are highly characteristic findings in HCM, even in patients with HCM and normal LV masses, and might play important roles in the independence of ;QRST and SQRST/n from the degree of hypertrophy in HCM. The finding of severe repolarization abnormalities in HCM, even in those with mild LVH (Figure 5C ), may explain in part their high vulnerability to arrhythmias. Kubota et al'6 found a high inverse correlation between ventricular fibrillation threshold and alterations in cardiac surface QRST areas. In their study, the increase in QRST area resulted from a decrease in ventricular repolarization properties that was produced by warming the surface of the heart. They speculated there would be a high positive correlation between fibrillation threshold and QRST alterations because of prolongation of patients with HCM, and it is possible that these agents may have affected the QRST areas. However, a previous report has shown that the effect of these agents on QRST areas is minimal.6 Accordingly, it appears unlikely that the agents significantly influenced the QRST areas recorded from patients with HCM. Finally, it is possible that some of the QRST abnormalities seen in these patients were due to ischemic heart disease. However, coronary arteriograms were obtained in 23 patients, and none had significant coronary stenosis.
It is generally accepted that the specificity of T wave changes is rather low despite their high sensitivity. 
